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Latent pulmonary involvement in Crohn's disease:
biological, functional, bronchoalveolar lavage and
scintigraphic studies
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SUMMARY We have investigated the following pulmonary related parameters in 22 patients with
Crohn's disease who were free of clinical pulmonary symptoms and had normal chest
roentgenograms and in 25 controls: serum angiotensin converting enzyme, pulmonary function
tests, bronchoalveolar lavage (lymphocyte count and subpopulations, macrophage viability and
superoxide anion release by macrophages) and pulmonary scannings. Serum angiotensin
converting enzyme was lower in Crohn's disease (14-1±5 1) than in controls (25-2±4-7)
(p<O-OO1). Twelve of 22 Crohn's disease (54%) had a bronchoalveolar lavage lymphocytosis
(>18% alveolar lymphocytes). Bronchoalveolar lavage lymphocytes subpopulations were
quite variable. Twelve of 17 Crohn's disease (71%) had an increase spontaneous and/or
stimulated superoxide anion production by alveolar macrophages. Six of 12 Crohn's disease
(50%) had an increase physiologic dead space in the upper part of their lung against one of 11
controls (9%). These data suggest that most patients with Crohn's disease have a latent
pulmonary involvement.

Systemic manifestations are frequent in inflamma-
tory bowel disease, but classically the lung was
regarded as rarely involved.1 2 A few recent reports,
however, have described pulmonary manifestations
occuring in patients with inflammatory bowel
disease: bronchial suppuration, or bronchiectasis,3-5
granulomatous lung disease,6 diffuse or localised
interstitial fibrosis71-2 and sulphasalazine pneu-
monitis. 1321
The rarity of pulmonary clinical manifestations

contrasts with striking abnormalities of pulmonary
function tests described in patients with inflamma-
tory bowel disease: reduced lung transfer factor,
increased residual volume, or decreased forced
expiratory volume in one second.22 26
We have attempted to determine the actual

frequency of pulmonary tests and bronchoalveolar
abnormalities in patients with Crohn's disease and
without clinical or radiological pulmonary
abnormalities.27 28 Furthermore, we tried to clarify

Address for correspondence: A Cortot, Clinique des maladies de l'appareil
digestif, Citd HospitaliUre, l,Place de Verdun 59037 Lille Cedex, France.
Received for publication 29 November 1985.

the pulmonary abnormalities mechanism by carrying
out pulmonary scintigraphic studies in those
patients.

Methods

PATIENTS
Twenty two patients with Crohn's disease were
included in the study. There were 11 women and 11
men, 18-44 years old (mean age 28±7-8 years).
Eleven were cigarette smokers. None had a previous
history of pulmonary disease or chest radiograph
abnormalities. Physical examination and chest
radiographs were normal in all patients at the time
of the study. The length of Crohn's disease history at
the onset of the study ranged from one month to 22
years (mean duration 41±57 months). Small bowel
alone was involved in one case, colon alone in nine
cases, and the localisations were multiple in 12
patients (stomach, small bowel, colon, rectum,
anus). Eight patients had active anal Crohn's disease
and 10 systemic manifestations: arthralgia (five),
ankylosing spondylitis (three), aphtous ulcers (two).
Mean Crohn's Disease Activity Index (CDAI) was
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207±86 (50-383). Six patients had quiescent disease
(CDAI<150) at the time of the study. Four patients
had received sulphasalazine (1.5 g-3 g/day for the
previous three months to three years), one pred-
nisolone (0-5 mg/kg body weight for the previous
three weeks) and 10 metronidazole (1 g-1-5 g/day
for the previous three months).

CONTROL SUBJECTS
The control group included hospital staff and other
healthy volunteers. There were 25 controls subjects
for bronchoalveolar lavage (13 were cigarette
smokers), nine women and 16 men, 24-46 years old
(mean age 34±7 years). Thirteen controls were
tested for alveolar cell function studies (nine were
cigarette smokers), five women and eight men,
22-46 years old (mean age 31±7 years). Eleven
controls were tested for pulmonary scintigraphic
studies (six were cigarette smokers), three women
and eight men, 22-45 years old (mean age 29±6
years).

BRONCHOALVEOLAR LAVAGE
Informed consent was obtained from all patients.
Bronchoalveolar lavage was done using a technique
which has been previously described.3" Total number
and differential cell count were determined in lavage
fluid. Cellular viability of alveolar macrophages was
assessed by trypan blue exclusion. The state of
activation of alveolar macrophages was evaluated
with a lucigenin-dependent chemiluminescence
method with or without phorbolmyristate-acetate
and with or without superoxide dismutase in 17
Crohn's disease patients and 13 controls.31 Results
are expressed as relative luminescent units per
0-5 x 106 viable macrophages.
The proportions of T cells, helper cells and

suppressor cells were determined in 10 cases using
monoclonal antibodies respectively for OKT3,
OKT4, and OKT8 that are specific for the lymphocyte
subsets.
A second bronchoalveolar lavage was repeated in

five patients with initially active Crohn's disease six
months later their CDAI being <150.

PULMONARY FUNCTION TESTS
These were carried out at rest and included forced
vital capacity (FVC) and forced expiratory volume
in one second (FEV 1). Residual volume (RV) was
quantified with the helium dilution method. Total
lung capacity (TLC) was calculated from:
TLC=RV+FVC. Carbon monoxide diffusing
capacity (DLCO) was studied using a steady state
method. The predicted values for each subject based
on sex, age, and height were obtained from standard
tables. All data were expressed as percentage of the

predicted values. Pulmonary function was regarded
as abnormal when total lung capacity, forced vital
capacity and/or forced expiratory volume in one
second were less than 80% of predicted values
and/or when carbon monoxide diffusing capacity
was less than 75% of that predicted.32

67GALLIUM(67Ga) SCANNING

Each patient received, 72 hours before scanning,
35g Ci/kg of body weight 67Ga citrate intravenously.
Accumulation of 67Ga in the lung and mediastinum
was compared with 67Ga uptake in the liver and in
the shoulders soft tissue.

PULMONARY SCANNING
Pulmonary scanning included: (1) a ventilatory
scanning obtained in a sitting position by respiration
of gaseous Xenon (1 mCi/l) which provided a steady
state ventilation picture, the total lung height and a
recording of lung emptying at one minute. The
pulmonary gas retention was estimated by the
percentage of gas remaining in the lung at one
minute. The distribution of gaseous Xenon was
pictured so that a 'centre of gravity' or 'barycentre'
of the lung ventilation could be determined. Radia-
tion exposure was: 8-3 mRad for lungs, 0-09 mRad
for whole body. (2) a perfusion scanning after slow
intravenous infusion of Technetium albumin macro-
aggregates in a sitting position (1 mCi). Abnormal
distribution of lung perfusion was detected as well as
the vertical perfusion gradient from the top to the
lung basis. The distribution of macroaggregates was
recorded so that a 'centre of gravity' of the lung
perfusion could be determined. (3) the distance
delta(A) between the two 'centre of gravity' was
determined and expressed as percentage of the total
lung height.

BLOOD TESTS
Serum angiotensin-converting enzyme assay was
carried out in all patients3 as well as beta-2-
microglobulin34 and circulating immune complexes
by 121-I-Clq binding activity and by polyethylene
glycol precipitation technique.

STATISTICAL METHODS
Results were expressed as mean value (m) ± one
standard deviation. The two-tailed t test was used
for comparison of data between patients and
controls.

Results

All patients were free of clinical pulmonary
symptoms and had normal chest radiograph
findings.
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Fig. 1 Cell count (lymphocytes macrophages and
neutrophils) in alveolar liquid after bronchoalveolar lavage
(BAL) in 25 normal volunteers (0) and 22 Crohn'.v disease
patients (0).

la BAL DATA: LYMPHOCYTES

Total bronchoalveolar lavage recovery fluid
(109±86 ml), total number cells (14.1±5.8x 106)
were identical in patients and controls according to
smoking habits. Alveolar lymphocytes percentages
were higher in patients (25*1+19-7%) than in
controls (7-2+8%) (p<0-001) (Fig. 1).

Alveolar lymphocytes percentages were above
18% (controls mean + 2 SD) in 12 of 22 patients
(54%) who were defined as having an alveolar
lymphocytosis. Percentages of T3 lymphocytes were

the same in patients (69.7+8.1%) and controls
(64+4-5%). T4/T8 ratio were increased in three
patients, normal in four and low in three (Table 1).

Five patients had a second bronchoalveolar lavage
six months later showing a persistent alveolar
lymphocytosis in four cases and a persistent normal
bronchoalveolar lavage in one.

lb BAL DATA: MACROPHAGES
Cellular viability of macrophages were identical in
patients and controls: 83-7+11-1% and 84-6+8-9%.
Spontaneous chemiluminescence of broncho-
alveolar lavage- cells was higher in patients
(4567±4025) than in controls (954±385 relative
luminescent units) (p<0.01). Similarly phorbolmyri-
state-acetate induced chemiluminescence was
significantly increased in patients (23824±11257
relative luminescent units) as compared with con-
trols (14392±6213 relative luminescent units)
(p<0-025). Values vary widely but were higher than
mean+2 SD in 12 of 17 patients with Crohn's
disease (70%) (Fig. 2). Superoxide dismutase
reduced spontaneous and phorbolmyristate-acetate
induced chemiluminescence of alveolar cells
respectively by 70% and 91%. The extent of
chemiluminescence suppression by superoxide dis-
mutase suggests that superoxide anion is involved in
its production.

2 PULMONARY FUNCTION TESTS
All but one patient had normal carbonic acid gas
and oxygen blood levels (pO2) at rest. Tests were
abnormal in 15 of 21 patients. Total lung capacity,
forced vital capacity and forced expiratory volume
in one second were decreased in two cases associ-
ated with low diffusing capacity in one of the two.

Table 1 Alveolar lymphocytes subpopulations collected by bronchoalveolar lavage in five controls and 10 Crohn's disease
patients. Alveolar lymphocytes are expressed as percentage of total alveolar cell count. Lymphocyte subpopulations are
expressed as percentage of total number ofalveolar lymphocytes.

Alveolar OKT31 OKT4+ OKT8+
lymphocytes % % % % OKT4+IOKT8+

Controls (n=5) 11-5+6* 64±4-5 44±2-7 30±1-3 15±0-15
Crohn's disease

1 44 57 42 32 1-9
2 11 77 45 27 1.6
3 18 69 40 26 1-5
4 25 76 43 29 1-48
5 46 66 57 13 4-3
6 79 74 50 20 2-5
7 37 71 50 17 2-9
8 10 83 42 39 1-07
9 5 68 17 54 0-31
10 33 56 19-2 435 044

*:Results expressed as mean±SD
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Fig. 2 Spontaneous and phorbolmyristate acetate (PMA)
induced superoxide anion production by alveolar
macrophages collected by bronchoalveolar lavage (BAL) in
13 controls (0) and 17 Crohn's disease patients (0).

Reduced carbon monoxide diffusing capacity with-
out restrictive ventilatory disorder was found in 10
cases. It was associated with lowered Pao2 in one and
with increased residual volume and/or low forced
expiratory volume in one second suggesting an
obstructive ventilatory disorder in two. If carbon
monoxide diffusing capacity is corrected according
to blood haemoglobin levels,35 however, only three
patients with an obstructive or restrictive syndrome
have actually a reduced carbon monoxide diffusing
capacity. Two patients had normal forced vital
capacity and decreased forced expiratory volume in
one second and residual volume. Pulmonary func-
tion tests were done again six months later in seven
patients with initial abnormalities which were found
basically unchanged.

3 67Ga SCANNING
No pulmonary or mediastinal uptake was observed
in nine tested patients.

4 PULMONARY SCANNING
The percentage of gaseous Xenon remaining in
lungs at one minute was identical in Crohn's disease
patients and controls: 8-3±8-6 and 4-8±3 (Fig. 3).
Pulmonary perfusion scanning showed a decreased
perfusion of higher portion of lung associated with
an hyperperfusion of lung bases. This resulted in a
significant increase of the distance delta between
both centres of gravity of lung perfusion and
ventilation: 13±3% in Crohn's disease patients
versus 8-7±4-3 in controls (p<0-05) (Fig. 3).

5 BLOOD TESTS
Serum angiotensin converting enzyme levels were
significantly lower in patients (14-1±5.1 u/ml) than
in controls (25.2±4.7 u/ml) (p<0-001). Serum , 2-
microglobulin levels were significantly higher in
patients (3-4±1.1 mg/l) than in controls (2-1±0-9
mg/l), (p<0-001). Circulating immune complexes
were present in three of seven patients with lympho-
cyte alveolitis, and in one patient with normal
bronchoalveolar lavage.

6 CORRELATION OF BAL RESULTS WITH CLINICAL
PARAMETERS, PULMONARY SCANNING AND
FUNCTION TESTS AND BIOLOGICAL DATA
(Table 2)
There was no apparent correlation between ab-
normal bronchoalveolar lavage and systemic dis-
orders, activity of intestinal disease, or drug treat-
ment. Patients with alveolitis have a longer
(although not significant) Crohn's disease duration
(61±70 months) than those without (26-8±25
months). Alveolar lymphocytosis is more frequent
in patients having anal Crohn's disease (six of eight
patients) than in those without (six of 14 patients)
(p<O0O5). There was no correlation between alve-
olar lymphocytosis and pulmonary function tests
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Fig. 3 Pulmonary scintiscanning data in 11 controls (0)
and 12 patients with Crohn's disease (0). Pulmonary gas
retention was the percentage ofgas remaining in the lung
one minute after the steady state ventilation was obtained.
Pulmonary 'delta' was the distance between both centres of
gravity oflung perfusion and ventilation, and was expressed
as percentage ofthe total lung height (see text).
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Table 2 Clinical, biological and pulmonary data in 12 patients with Crohn's disease having BAL lymphocytosis (>18%
alveolar lymphocytes) and IO patients without BAL lymphocytosis.

CD with raised lavage CD without raised lavage
lymphocytes lymphocytes
n=12 n=10

Age (yrs) 29-7+8-1* 26-1±7-0t
CD duration (months) 61-0+70* 26-8±25t
CDAI 208±94* 206±78t
Weight loss (%) 13-5+9-4* 14±7-6t
Orosomucoid (mg/1) 1483±953* 1775±1048t
Blood lymphocyte (ml) 1424±787* 1718±849t
Albumin (g/l) 28-7+3-9* 30-4±4-4t
FVC (%) 94±15* 100±19t
FEVI (%) 97±24* 104±27t
DLCO (%) 75±3* 69±20t
Basal chemiluminescence of BAL cells (RLU) 5271±4542* 2877±1237t

BAL-bronchoalveolar lavage, CD-Crohn's disease, FVC-forced vital capacity, FEVI-forced expiratory volume in 1 second,
DLCO-carbon monoxide diffusing capacity, RLU-relative luminescent units.
*Results expressed as mean±SD.
tNo difference versus CD with raised alveolar lymphocytes.

abnormalities, pulmonary scanning results, blood
test data, or superoxide anion production by alve-
olar macrophages. There was a significant correla-
tion between reduced carbon monoxide diffusing
capacity and the distance delta between both centre
of gravity of lung perfusion and ventilation (r=0-68
p<005). Four patients with an obstructive
syndrome had a longer Crohn's disease history
(66±18 months) than 15 without (30±8 months)
(p<0-001).
Discussion

The main finding of our study is a high proportion
(54%) of increased alveolar lymphocytosis among
patients with Crohn's disease, free of clinical pul-
monary symptoms and with normal chest roentgeno-
grams. Alveolar lymphocytosis is persistent as it was
present at the same level six months later in four
tested patients.
The significance of increased percentage of

bronchoalveolar lavage lymphocyte in Crohn's
disease is not clear. An increased percentage of
bronchoalveolar lavage lymphocytes reflects a shift
in the relative proportion of alveolar cells which is
classically associated with an alveolitis - that is, an
accumulation of immune and inflammatory cells
within the alveolar structures.36 It is well recognised
that such alveolar lymphocyte alveolitis, is a charac-
teristic feature of all classic lung granulomatous
disorder, such as, sarcoidosis, hypersensitivity
pneumonitis, and berylliosis. These diseases were
excluded from our study.

An iatrogenic mechanism could be discussed.
Indeed most patients with Crohn's disease are
treated with sulphasalazine at some stage of the
disease and could develop a latent sensitisation to
the drug. Previous studies of pulmonary function in
inflammatory bowel disease have shown, however,
that variations in lung function, especially reduced
carbon monoxide diffusing capacity are not a
consequence of drug therapy.22 Moreover 18 of our
patients had not received sulphasalazine during the
three months before the study. Finally sulphasalazine
is known as inducing hypersensitivity pneumonitis.
This would have resulted in an increased number of
eosinophil polymorphonuclear cells in the broncho-
alveolar lavage cell count which we did not observe.
Our study shows the capacity of alveolar macro-

phages from patients with Crohn's disease to
produce superoxide anion. The increased produc-
tion of superoxide anion is likely to be caused by
alveolar macrophages as there were neither neutro-
phils nor eosinophils polymorphonuclear cells in
bronchoalveolar lavage specimens from controls or
patients, and as lymphocytes do not produce super-
oxide anion. The release of superoxide anion by
macrophages was not associated with increased
alveolar lymphocytosis in patients with Crohn's
disease in contrast with previous observations in
patients with sarcoidosis.36 The production of
superoxide anion may reflect a spontaneous activa-
tion of alveolar macrophages similar to that of
circulating monocytes observed in Crohn's
disease.37-3 Whether or not release of reactive
material by macrophages may play a role in tran-
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sient alteration of pulmonary function or in the
occurrence of alveolar lymphocytosis remains to be
established.

It is currently accepted that part of the immune
system specific to the gastrointestinal tract is
common to all mucosal surfaces.4" Therefore the
association of Crohn's disease and lymphocyte
alveolitis and/or superoxide anion production by
alveolar macrophages may be the result of an
immunological mechanism: the lymphocytes and/or
the macrophages sensitised to antigen at one
mucosal site could circulate and inhabit the mucosal
surfaces of the lung.
Abnormal pulmonary function tests were noted in

15 of 21 patients and were similar to findings
previously described in inflammatory bowel
disease.22-26 Abnormal pulmonary function tests do
not seem to be related to alveolar lymphocytosis
which is therefore latent (Table 2).
Our patients have an increased physiologic dead

space in the upper part of their lung related to any
hypoperfusion of this lung portion. This may explain
in part reduced carbon monoxide diffusing capacity
in several Crohn's disease patients. Different perfu-
sion rates in lung upper and lower part in patients
with Crohn's disease is unexplained. Release of
vasoactive substances inducing vasodilation in
pulmonary circulation may be one hypothesis.
Alveolar distension resulting in an increase of
alveolar pressure is another hypothesis suggested by
the existence of an obstructive ventilatory disorder
in some patients. Crohn's disease related distensi-
bility abnormalities of pulmonary vessels in lung
bases under hydrostatic pressure could be another
explanation.4' 42
Pulmonary abnormalities in Crohn's disease are

identical to some reported in pulmonary sarcoidosis:
alveolar lymphocytosis and activation of alveolar
macrophage. Some differences exist between
Crohn's disease and sarcoidosis, however: (a)
Crohn's disease patients had dramatically low serum
angiotensin converting enzyme; (b) no mediastino
pulmonary 67Ga uptake was observed in Crohn's
disease patients; (c) OKT4' lymphocytes are not
always raised in Crohn's disease patients.36 What-
ever the significance of our data, persistent
abnormalities of bronchoalveolar lavage and
pulmonary function tests suggest a latent involve-
ment of the lung in Crohn's disease which merits
further investigation.
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